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RI PHGLFDO LQIRUPDWLRQ RYHU LQWHUQHW 3DWLHQW¶V PHGLFDO UHFRUGV DUH DOZD\V EHHQ DQ LPSRUWDQW LVVXH IRU SULYDF\
SURWHFWLRQ0RVW KRVSLWDOV DQG KHDOWK FDUH FHQWHUV KDYH EXON RI SDWLHQW¶V GDWD VWRUDJH DQG WUDQVPLVVLRQ VXFK DV
LPDJHV UHODWHG WR SDWLHQW¶V SHUVRQDO LQIRUPDWLRQ DQG GLVHDVH UHSRUW$PRQJ  WKHVH  GDWD  WKH  SDWLHQW¶VPHGLFDO
LPDJHVOLNH;UD\&7VFDQ05,DQGSHUVRQDOLQIRUPDWLRQDUHYHU\VHQVLWLYHDQGQHHGWREHSURWHFWHGDJDLQVW
DQ\W\SHRIDWWDFNV7RSUHVHUYHWKHSULYDF\SDWLHQWGDWDFDQEHHPEHGGHGLQWRWKHPHGLFDOLPDJHV7KLV
SDWLHQWLQIRUPDWLRQFDQEHXVHGDVDZDWHUPDUN7KHEDVLFLGHDRIGLJLWDOZDWHUPDUNLQJLVWRHPEHGZDWHUPDUNLQ
RULJLQDO LPDJHDIWHUZDWHUPDUNLQJ WKHRXWSXW LPDJHDQG WKHRULJLQDO LPDJHVKRXOGEHVLPLODUVR WKDWGRFWRUVFDQ
UHWULHYH WKH KLGGHQ GDWD IURP WKH GLJLWDO LPDJH WR SHUIRUP SURSHU WUHDWPHQW ZKHQ LW QHFHVVDU\ (PEHGGLQJ RI
DGGLWLRQDOGDWDDVZDWHUPDUNZLWKLQWKHPHGLFDOLPDJHVUHTXLUHVH[WUHPHFDUHEHFDXVHWKHZDWHUPDUNPXVWQRWDIIHFW
WKHLPDJHTXDOLW\7KHEDGTXDOLW\LPDJHPD\FDXVHDPLVGLDJQRVLVLQWKHWUHDWPHQWDQGOHDGWRKXPDQFDXVDOLW\DQG
ILQDQFLDOORVVHV,QWRGD\¶VGLJLWDOHUDWKHWHOHPHGLFLQHDSSOLFDWLRQVSOD\LPSRUWDQWUROHLQRXUOLYHVEXWWKLVPHGLFDO
LPDJHVGDWDFDQHDVLO\DFFHVVE\DQ\XQDXWKRUL]HGSHUVRQDQGGRXQRIILFLDOPRGLILFDWLRQVDQGPDQLSXODWLRQ7KLV
PD\DOVROHDGWRKXPDQOLYHVORVVHVVRWKHUHLVQHFHVVDU\QHHGWRVHFXUHWKHVHGLJLWDOGDWD
,Q WKLV SDSHU D QHZ VHFXUH ORVVOHVVZDWHUPDUNLQJ WHFKQLTXH LV SURSRVHG EDVHG RQ'&7	':7 IRUPHGLFDO
LPDJHV7KHFRPELQHG'&7':7WUDQVIRUPFRXOGFRPSHQVDWH WKHGUDZEDFNVRIHDFKRWKHUDQG WKLV OHDGV WR WKH
UHVXOW RI HIIHFWLYH DOJRULWKP IRU ZDWHUPDUNLQJ 7KLV GLJLWDO ZDWHUPDUNLQJ PHWKRG LV IUDJLOH ZKHQ DQ\ DWWDFNHU
DSSOLHVDWWDFNV LQ WKLV LPDJH WKHQZDWHUPDUN LVGLVWRUWHGDQG WKHSDWLHQW¶V LQIRUPDWLRQ LV VDYHG IURPDWWDFN 7KH
SURSRVHGZDWHUPDUNLQJLVGRQHLQWZRVWHSV7KHILUVWVWHSLVHPEHGGLQJWKHZDWHUPDUNLQRULJLQDOPHGLFDOLPDJH
,QWKHVHFRQGVWHSH[WUDFWHGWKHZDWHUPDUNXVLQJVHPLEOLQGWHFKQLTXHVIRUPWKHZDWHUPDUNHGLPDJH
7KLVSDSHU LVRUJDQL]HGLQ WKHIROORZLQJPDQQHU6HFWLRQGLVFXVVHV OLWHUDWXUHUHYLHZEDVHGRQPHGLFDO LPDJH
ZDWHUPDUNLQJ6HFWLRQUHSUHVHQWVSURSRVHGZDWHUPDUNLQJWHFKQLTXHEDVHGRQ':7DQG'&76HFWLRQGHVFULEHV
SHUIRUPDQFHPHWULFRISURSRVHZRUN6HFWLRQVKRZVH[SHULPHQWDOUHVXOWVDQGILQDOO\ LQVHFWLRQFRQFOXGHVWKLV
SDSHU
/LWHUDWXUH5HYLHZ
$W SUHVHQW WKH UHVHDUFK LQ GLJLWDO ZDWHUPDUNLQJ FDQ EH FDWHJRUL]HG LQWR WZR FODVVHV VSDWLDOGRPDLQ DQG
IUHTXHQF\GRPDLQ6SDWLDOGRPDLQHPEHGGHGWKHZDWHUPDUNLQVLGHWKHRULJLQDOLPDJHE\FKDQJLQJWKHSL[HOYDOXHV
RI WKHRULJLQDO LPDJH/HDVW VLJQLILFDQWELW LV RQHRI H[DPSOHRI VSDWLDO GRPDLQ WHFKQLTXHV)UHTXHQF\GRPDLQ
HPEHGGHGWKHZDWHUPDUNE\FKDQJLQJFRHIILFLHQWYDOXHVLQWUDQVIRUPGRPDLQ)UHTXHQF\GRPDLQWHFKQLTXHVLQFOXGH
'LVFUHWH:DYHOHW 7UDQVIRUP ':7    'LVFUHWH &RVLQH 7UDQVIRUP '&7  DQG 'LVFUHWH )RXULHU 7UDQVIRUP
')7
$=$EGXOODKKDVEHHQSUHVHQWHGDQDGDSWLYHPHGLFDOLPDJHZDWHUPDUNLQJWHFKQLTXHLVEDVHGRQZDYHOHW
WUDQVIRUPDQGSURSHUW\RIKXPDQYLVXDOV\VWHPLQRUGHUWRPDLQWDLQWKHDXWKHQWLFDWLRQRIPHGLFDOLPDJH
:DWHUPDUNHPEHGGLQJSURFHVVLVFDUULHGRXWE\WUDQVIRUPWKHPHGLFDOLPDJHLQWRZDYHOHWGRPDLQDQGKLGH
WKHZDWHUPDUNLQWKHLPDJHFRHIILFLHQWV%XWWKHVHSURFHVVWZROHYHO':7WUDQVIRUPXVHVRGDWDSD\ORDGFDSDFLW\
DUHUHGXFHGDQGVL]HRIZDWHUPDUNLVYHU\VPDOO
7KHVFKHPHSURSRVHGE\*LDNRXPDNLHWDOLVEDVHGRQZDYHOHWWUDQVIRUP7KLVZDWHUPDUNLQJVFKHPHHPEHGV
PXOWLSOHZDWHUPDUNV LQPHGLFDO LPDJH7KHVFKHPHSURYLGHVPHGLFDOFRQILGHQWLDOLW\ DQG UHFRUG LQWHJULW\EXW WKH
SHUFHSWXDOTXDOLW\LVGHJUDGHGGXHWRWKHXVHRIPXOWLSOHZDWHUPDUNV
$O+DM KDV SURSRVHG D ZDWHUPDUNLQJ VFKHPH XWLOL]LQJ ERWK ':7'&7 WUDQVIRUP EDVHG GLJLWDO LPDJH
ZDWHUPDUNLQJDOJRULWKP:DWHUPDUNLQJLVFDUULHGRXWWKURXJKWKHHPEHGRIWKHZDWHUPDUNLQWKHILUVWDQGWKH
VHFRQGOHYHO':76XEEDQGVRIWKHKRVW LPDJHVXEVHTXHQFHGE\WKHDSSOLFDWLRQRI'&7RQWKHVHOHFWHG
':7VXEEDQGV,QWKLVWHFKQLTXHWZROHYHOV':7XVHVROHVVSD\ORDGFDSDFLW\
&6:RRSURSRVHGDPXOWLSOHZDWHUPDUNLQJPHWKRG,QWKLVPHWKRG(QFU\SWHGSDWLHQWGDWDLVHPEHGGHGDV
DQQRWDWLRQZDWHUPDUNIRUDFKLHYLQJWKHSULYDF\FRQWURODQGDWLOHGELQDU\SDWWHUQHPEHGGHGDVIUDJLOHZDWHUPDUNIRU
WDPSHUORFDOL]DWLRQ7ZRGLIIHUHQWZDWHUPDUNVDUHXVHGIRUDFKLHYLQJSULYDF\DQGDXWKHQWLFLW\FDXVLQJH[WUDSD\ORDG
DQGOHVVYLVXDOILGHOLW\RIZDWHUPDUNLPDJH
7RLPSURYHWKHYLVXDOTXDOLW\RIZDWHUPDUNHGLPDJH1LVDU$KPHG0HPRQKDVGLYLGHGWKHPHGLFDOLPDJHLQWR
WZRSDUWV5HJLRQRILQWHUHVW52,DQG5HJLRQRIQRQLQWHUHVW521,7KHDXWKRUSURSRVHDK\EULGZDWHUPDUNLQJ
PHWKRGZKLFKHPEHGVDUREXVWZDWHUPDUNLQWKH521,IRUDFKLHYLQJVHFXULW\DQGSULYDF\ZKLOHKRQHVW\FRQWUROLV
90   Amit Mehto and Neelesh Mehra /  Procedia Computer Science  78 ( 2016 )  88 – 94 
DFKLHYHGE\LQVHUWLQJDIUDJLOHZDWHUPDUNLQWRWKH52,3URSRVHDWHFKQLTXHZKLFKDVVXUHVWKHLQWHJULW\RI52,7KH
SURSRVHG PHWKRG UHPRYH GLVWRUWLRQ SURGXFHG LQ 52, E\ XQGRLQJ WKH ZDWHUPDUN HPEHGGLQJ SURFHVV DIWHU WKH
DXWKHQWLFDWLRQ SURFHVV GHHPV WKH LPDJH DV DXWKHQWLF %XW LQ WKLV WHFKQLTXH VHJPHQWDWLRQ LV ELJ SUREOHP LI
VHJPHQWDWLRQDUHQRWSURSHU WKHQ WKHVHHPEHGGLQJSURFHVVGLVWRUWHG WKHPHGLFDO LPDJH52, UHJLRQ LV VKRUW WKHQ
SD\ORDG FDSDFLW\ LV UHGXFHG DQG ZDWHUPDUN TXDOLW\ DOVR UHGXFHG ,Q WKLV WHFKQLTXH PRUH FRPSOH[LW\ DQG PRUH
FRPSXWDWLRQSRZHUUHTXLUHG
&ODVVLFDO0HGLFDO,PDJHZDWHUPDUNLQJLVDWUDGHRIIEHWZHHQSD\ORDGYLVXDOILGHOLW\DQGFRPSOH[LW\$VZH
LQFUHDVHSD\ORDGGLVWRUWLRQLQFUHDVHDQGUHVXOWVLQOHVVYLVXDOILGHOLW\7RLPSURYHWKHYLVXDOILGHOLW\DQGWRSURWHFW
WKHPHGLFDOLQIRUPDWLRQOLHVLQLPDJHLWKDVEHHQGLYLGHGLQWRWZRSDUWV52,DQG521,EXWWKLVUHVXOWLQLQFUHDVHG
FRPSOH[LW\DQGOHVVSD\ORDG5HYHUVLEOHZDWHUPDUNLQJKDVDQHGJHRYHURWKHUWZRZDWHUPDUNLQJVFKHPHGXHWROHVV
FRPSOH[LW\DQGPRUHSD\ORDGFDSDFLW\:DWHUPDUNLQJVFKHPHPXVWEHDGDSWDEOHDQGORVVOHVVIRUWKHEHWWHUYLVXDO
ILGHOLW\RIUHFRYHUHGLPDJH
3URSRVHG:DWHUPDUNLQJ7HFKQLTXH
$QHZLPDJHZDWHUPDUNLQJWHFKQLTXHLVSURSRVHGEDVHGRQ':7'&7WRHPEHGGHGWKHZDWHUPDUNLQWR
WKHPHGLFDO LPDJHV LQ VXFK DZD\ WKDW LW LV LPSHUFHSWLEOH E\ WKH KXPDQ YLVXDO V\VWHP 7KH DGDSWLYHPHWKRG LV
HPSOR\HGWRGHWHUPLQHDSSURSULDWHFRHIILFLHQWVIRUKLGLQJZDWHUPDUNE\GHFRPSRVLQJWKHPHGLFDOLPDJHLQWR
GLIIHUHQWUHJLRQVDQGVHOHFWWKHUHJLRQVZKLFKDUHORZVHQVLWLYHWRWKH+967KH+96LVVHQVLWLYHWRFKDQJHVLQ
WKH  ORZHU  IUHTXHQFLHV DV  LW UHSUHVHQWVPRUH  VLJQLILFDQWFKDUDFWHULVWLFV RI WKH  LPDJH7KH KLJKHU IUHTXHQFLHV
JLYHVWKHOHVVVLJQLILFDQWGHWDLOV RIWKHLPDJHDQGFKDQJHVLQWKHVHIUHTXHQFLHVDUHQRW HDVLO\QRWLFHDEOHE\
+967KLVGLJLWDOZDWHUPDUNLQJPHWKRGLVIUDJLOHZKHQDQ\DWWDFNHUDSSOLHVDWWDFNVLQWKLVLPDJHWKHQZDWHUPDUNLV
GLVWRUWHGDQGWKHSDWLHQW¶VLQIRUPDWLRQLVVDYHGIURPDWWDFN7KHSURSRVHGZDWHUPDUNLQJLVGRQHLQWZRVWHSV7KH
ILUVWVWHSLVHPEHGGLQJWKHZDWHUPDUNLQRULJLQDOPHGLFDOLPDJH,QWKHVHFRQGVWHSH[WUDFWHGWKHZDWHUPDUNXVLQJ
VHPLEOLQGWHFKQLTXHVIRUPWKHZDWHUPDUNHGLPDJH,QVHPLEOLQGZDWHUPDUNLQJSURFHVVIRUH[WUDFWLRQRIWLPHZH
UHTXLUHGWKHRULJLQDOLPDJHIRUUHFRYHULQJWKHZDWHUPDUNIURPWKHZDWHUPDUNHGLPDJH
3.1 Watermark Embedding Process 
7KHDLPRIWKLVSURFHVVLVWRLQVHUWWKHZDWHUPDUNGDWDLQWRDPHGLFDOLPDJH7KLVSURFHVVFRQVLVWVRIILYHVWHSV
7KHILUVWVWHSLQYROYHVDSSO\LQJ':7WRWKHPHGLFDOLPDJHZKLFKLVSURYLGHIRXUVXEEDQGRIRULJLQDOPHGLFDO
LPDJHWKHVHDUH///++/++,QVHFRQGVWHSDSSO\'&7LQKLJKIUHTXHQF\FRPSRQHQW++7KHWKLUGVWHS
GHWHUPLQHVVFDOLQJFRHIILFLHQWVZLWKWKHKHOSRIRULJLQDOLPDJH,QIRXUWKVWHSLQVHUWWKHZDWHUPDUNLQWKHPHGLFDO
LPDJH$WWKHODVWVWHSSHUIRUPVWKHLQYHUVH'&7DQG':7WRFRQVWUXFWWKHZDWHUPDUNHGPHGLFDOLPDJH
'LVFUHWH:DYHOHW7UDQVIRUP,QILUVWVWHSRIZDWHUPDUNLQJEHDSSO\':7LQRULJLQDOLPDJH7KHILUVWOHYHORI
':7SURGXFHVIRXUVXEEDQGVWHUPHGDV///++/DQG++7KH//LVDORZUHVROXWLRQYHUVLRQRIWKH
PHGLFDOLPDJHDQG/+IRUKRUL]RQWDO+/IRUYHUWLFDODQG++IRUGLDJRQDOGLUHFWLRQDUHWKHGHWDLOHGVXELPDJHV
'LVFUHWH&RVLQH7UDQVIRUP ,Q VHFRQG VWHS RIZDWHUPDUNLQJ DSSO\'&7 LQ KLJK IUHTXHQF\ FRPSRQHQW++
ZKLFKLVSURYLGH'&7FRHIILFLHQWYDOXHVRILPDJH
&RPSXWDWLRQRI$GDSWLYH6FDOLQJ)DFWRU)RUFRPSXWLQJWKHDGDSWLYHVFDOLQJIDFWRUDSSO\LQJ'&7EORFNEDVH
WUDQVIRUPLQRULJLQDO LPDJHDQGZKLFKSURYLGHEORFNLQPDWUL[IRUPHDFKPDWUL[ILUVWFRPSRQHQW LQ'&YDOXHRI
PDWUL[$IWHU WKHVHSURFHVV ILQGPHDQRI WKHVH'&YDOXHZKLFK LVVFDOLQJIDFWRU7KLVVFDOLQJIDFWRU LVPXOWLSOLHG
ZLWKZDWHUPDUNFRHIILFLHQWYDOXHVDQGPDGHDQHZZDWHUPDUNFRHIILFLHQW
 :DWHUPDUN +LGLQJ 3URFHVV ,Q ZDWHUPDUN KLGLQJ SURFHVV QHZ ZDWHUPDUN FRHIILFLHQW LV DGG ZLWK '&7
FRQILGHQWYDOXHV$IWHUDGGLQJZDWHUPDUNLQKRVWLPDJHSURYLGHDQHZWUDQVIRUPFRHIILFLHQWRILPDJH
 ,QYHUVH 7UDQVIRUP &RPSOHWH WKLV SURFHVV DSSO\LQJ LQYHUVH WUDQVIRUP LQ QHZ FRHIILFLHQW YDOXH )LUVW DSSO\
,QYHUVH'&7,'&7 LQQHZFRHIILFLHQWYDOXH WKDWSURYLGHKLJKIUHTXHQF\FRPSRQHQW ++RI':7$W WKH ODVW
DSSO\LQYHUVH':7,':7ZKLFKFUHDWHZDWHUPDUNHGLPDJH
3.1.1    Proposed Watermarking Embedding Algorithm 
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6WHS$SSO\':7WRGHFRPSRVHWKHRULJLQDOLPDJHLQWRIRXUQRQ±RYHUODSSLQJPXOWLUHVROXWLRQVVXEEDQGV
///++/DQG++
6WHS$IWHUWKHGHFRPSRVLWLRQRIKLJKIUHTXHQF\VXEEDQG++DSSO\'&7
6WHS,QWKLUGVWHSILQGWKHDGDSWLYHVFDOLQJIDFWRU
6WHS(PEHGVWKHZDWHUPDUNLQWKH'&7RI++
6WHS$SSO\WKH,'&7DQG,':7DQGFRQVWUXFWWKHZDWHUPDUNHGLPDJH)LJXUHVKRZQEORFNGLDJUDPIRU
HPEHGGLQJDOJRULWKP
3.2 Watermark Extracting Process 
,QH[WUDFWLQJSURFHVVERWKZDWHUPDUNHGDQGRULJLQDO LPDJHDUHUHTXLUHGWRH[WUDFW WKHZDWHUPDUN7KLVSURFHVV
FRQVLVWVRIIRXUVWHSV,QILUVWVWHSDSSO\LQJ':7LQERWKZDWHUPDUNHGDQGRULJLQDOLPDJHZKLFKLVSURYLGHWKHIRXU
VXEEDQGV,QVHFRQGVWHSDSSO\LQJ'&7LQERWKKLJKIUHTXHQF\RIZDWHUPDUNHGDQGRULJLQDO LPDJH,Q WKLUGVWHS
ILQGWKHVFDOLQJIDFWRU$QGLQODVWVWHSVXEWUDFWWKH'&7FRHIILFLHQWVRIZDWHUPDUNHGWRRULJLQDOLPDJHDQGPXOWLSOH
WKHVHFRHIILFLHQWVWRVFDOLQJIDFWRU
'LVFUHWH:DYHOHW 7UDQVIRUP ,Q ILUVW VWHS RI H[WUDFWLQJ EH DSSO\':7 LQ RULJLQDO LPDJH DQGZDWHUPDUNHG
LPDJH7KHILUVWOHYHORI':7SURGXFHVIRXUVXEEDQGVWHUPHG//R/+R+/RDQG++RIRURULJLQDOLPDJH
DQG//Z/+Z+/ZDQG++ZIRUZDWHUPDUNHGLPDJH
'LVFUHWH&RVLQH7UDQVIRUP,QVHFRQGVWHSRIH[WUDFWLQJDSSO\'&7LQKLJKIUHTXHQF\FRPSRQHQW++IRUERWK
LPDJHZKLFKLVSURYLGH'&7FRHIILFLHQWYDOXHVRIRULJLQDODQGZDWHUPDUNHGLPDJH
&RPSXWDWLRQRI$GDSWLYH6FDOLQJ)DFWRU)RUFRPSXWLQJWKHDGDSWLYHVFDOLQJIDFWRUDSSO\LQJ'&7EORFNEDVH
WUDQVIRUPLQRULJLQDO LPDJHDQGZKLFKSURYLGHEORFNLQPDWUL[IRUPHDFKPDWUL[ILUVWFRPSRQHQW LQ'&YDOXHRI
PDWUL[$IWHU WKHVHSURFHVV ILQGPHDQRI WKHVH'&YDOXHZKLFK LVVFDOLQJIDFWRU7KLVVFDOLQJIDFWRU LVPXOWLSOLHG
ZLWKZDWHUPDUNFRHIILFLHQWYDOXHVDQGPDNHVDQHZZDWHUPDUNFRHIILFLHQW
 :DWHUPDUN ([WUDFWLQJ 3URFHVV ,Q ZDWHUPDUN H[WUDFWLQJ SURFHVV VXEWUDFWHG WKH '&7 FRHIILFLHQWV RI
ZDWHUPDUNHG LPDJH WR RULJLQDO LPDJH DQG PXOWLSOLHG WKHVH FRHIILFLHQWV WR DGDSWLYH VFDOLQJ IDFWRU ZKLFK FUHDWH
ZDWHUPDUNLPDJH
3.2.1     Proposed Watermarking Extracting Algorithm 
6WHS$SSO\':7WRGHFRPSRVHRULJLQDOLPDJHDQGZDWHUPDUNHGLPDJHLQWRWKHIRXUPXOWLUHVROXWLRQVXE
EDQGV///++/DQG++
6WHS$IWHUWKHGHFRPSRVLWLRQRIKLJKIUHTXHQF\VXEEDQG++DSSO\'&7LQERWKLPDJH
6WHS,QWKLUGVWHSILQGWKHDGDSWLYHVFDOLQJIDFWRU
6WHS([WUDFWHGWKHZDWHUPDUNXVLQJVXEWUDFWLRQRI'&7YDOXHRIERWKLPDJH++VXEEDQGDQGPXOWLSOLHGWKH
DGDSWLYHVFDOLQJIDFWRUWR'&7YDOXHRIFRHIILFLHQW)LJXUHVKRZQEORFNGLDJUDPIRUH[WUDFWLQJDOJRULWKP
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
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)LJD%ORFNGLDJUDPIRUHPEHGGLQJDOJRULWKPE%ORFN'LDJUDPRI([WUDFWLQJ$OJRULWKP
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([WUDFWLQJ3URFHVV :DWHUPDUN,PDJH
:DWHUPDUNHG
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3HUIRUPDQFH3DUDPHWHUV
7KLVSDSHUFRQVLGHUVSHUIRUPDQFHPHWULFVWRFDOFXODWHWKHSHUIRUPDQFHRIZDWHUPDUNHGLPDJH7KHSHUIRUPDQFH
PHWULFVDUH3HDN6LJQDOWR1RLVH5DWLR36150HDQ6TXDUHG(UURU06(DQG&RUUHODWLRQ
([SHULPHQWDO5HVXOWV
7KH H[SHULPHQW KDV EHHQ SHUIRUPHG ZLWK WKH VRIWZDUH 0$7/$% 5D YHUVLRQ ([SHULPHQWV KDYH EHHQ
SHUIRUPHG ZLWK D î ³;5D\´ ³&7 6FDQ´ ³05,´ DV WKH JUD\ VFDOH RULJLQDO PHGLFDO LPDJH DQG SDWLHQW
SHUVRQDOGDWD LVFRQYHUWHG LQWR LPDJHIRUPDQGXVHGDVZDWHUPDUN ,Q WKLVH[SHULPHQWGLIIHUHQWHPEHGGLQJIDFWRU
ĮĮDQGĮXVH WRILQGEHWWHU UHVXOWVDQGĮSURYLGH WKHEHWWHU UHVXOWDVFRPSDUHG WRĮDQGĮ7KHRULJLQDO
LPDJHVZDWHUPDUN LPDJHZDWHUPDUNHG LPDJHDQGUHFRYHUHGZDWHUPDUN LPDJHTXDOLW\VKRZE\ILJXUHV)LJXUH
VKRZV;UD\ZDWHUPDUNHGUHVXOWLPDJHV)LJXUHVKRZV&7VFDQZDWHUPDUNHGUHVXOWLPDJHV)LJXUHVKRZV05,
ZDWHUPDUNHGUHVXOWLPDJH
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)LJ;UD\ZDWHUPDUNHGUHVXOWLPDJHVD2ULJLQDO,PDJHE:DWHUPDUN,PDJHF:DWHUPDUNHG,PDJHG5HFRYHUHG,PDJHIRUĮH
5HFRYHUHG,PDJHIRUĮDQGI5HFRYHUHG,PDJHIRUĮ













)LJ&7VFDQZDWHUPDUNHGUHVXOWLPDJHVD2ULJLQDO,PDJHE:DWHUPDUN,PDJHF:DWHUPDUNHG,PDJHG5HFRYHUHG,PDJHIRUĮH
5HFRYHUHG,PDJHIRUĮDQGI5HFRYHUHG,PDJHIRUĮ
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D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
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)LJ05,ZDWHUPDUNHGUHVXOWLPDJHVD2ULJLQDO,PDJHE:DWHUPDUN,PDJHF:DWHUPDUNHG,PDJHG5HFRYHUHG,PDJHIRUĮH
5HFRYHUHG,PDJHIRUĮDQGI5HFRYHUHG,PDJHIRUĮ
)LJXUHDQGVKRZWKHUHVXOWVRIZDWHUPDUNHGLPDJHDQGUHFRYHUHGZDWHUPDUNZLWKGLIIHUHQWHPEHGGLQJIDFWRU
Į Į DQGĮ:KHQXVLQJ HPEHGGLQJ IDFWRU Į UHFRYHUHGZDWHUPDUN LV GLVWRUWHG DQG LQIRUPDWLRQQRWSURSHU
YLVLEOHEXWZKHQXVLQJHPEHGGLQJIDFWRUĮTXDOLW\RIUHFRYHUHGZDWHUPDUNLQFUHDVHGDQGLQIRUPDWLRQRIZDWHUPDUN
LV SURSHU YLVLEOH WKDQ Į 6R YDOXHV RI HPEHGGLQJ IDFWRU Į LV JRRG IRUZDWHUPDUNLQJ SURFHVV DQG SURYLGH EHWWHU
UHVXOWVDVFRPSDUHGWRĮDQGĮ
7DEOH7KHSDUDPHWHUYDOXHVRI;UD\ZDWHUPDUNHGLPDJHV
(PEHGGLQJ)DFWRUĮĮĮ
:DWHUPDUNHG,PDJH&RUUHODWLRQ3615&RUUHODWLRQ3615&RUUHODWLRQ3615
,PDJH
,PDJH
,PDJH
,PDJH
,PDJH
7DEOH7KHSDUDPHWHUYDOXHVRI&7VFDQZDWHUPDUNHGLPDJHV
(PEHGGLQJ)DFWRUĮĮĮ
:DWHUPDUNHG,PDJH&RUUHODWLRQ3615&RUUHODWLRQ3615&RUUHODWLRQ3615
,PDJH
,PDJH
,PDJH
,PDJH
,PDJH
7DEOH7KHSDUDPHWHUYDOXHVRI05,ZDWHUPDUNHGLPDJHV
(PEHGGLQJ)DFWRUĮĮĮ
:DWHUPDUNHG,PDJH&RUUHODWLRQ3615&RUUHODWLRQ3615&RUUHODWLRQ3615
,PDJH
,PDJH
,PDJH
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$ERYHWDEOHV	VKRZUHVXOWVRIZDWHUPDUNHGLPDJHLQIRUPRI3615DQG&RUUHODWLRQ7KH3615XVHVDV
WKHLQGLFDWRUWRUHIOHFWWKHGLVWRUWLRQLQWURGXFHGE\WKHHPEHGGLQJDOJRULWKPXVXDOO\WKHDFFHSWDEOHGHJUDGDWLRQOHYHO
LV  G%  :DWHUPDUNHG LPDJH 3615 YDOXH LQ JUHDWHU WKDQ  IRU JRRG LPSHUFHSWLELOLW\ DQG FRUUHODWLRQ LV
DSSUR[LPDWHIRUORVVOHVVZDWHUPDUNLQJ7DEOHVKRZVWKHUHVXOWVRI;UD\LPDJHVWDEOHVKRZVWKHUHVXOWVRI&7
VFDQLPDJHVDQGWDEOHVKRZVWKHUHVXOWVRI05,LPDJHVZLWKXVHRIGLIIHUHQWYDOXHRIĮ:KHUHĮLVHPEHGGLQJ
IDFWRU7KUHHGLIIHUHQWYDOXHRIĮ LVĮĮDQGĮDUHXVH LQDOJRULWKPWR ILQGRXW WKHEHVW UHVXOWRISDUDPHWHUV
:KHQ XVH WKH Į DV D HPEHGGLQJ IDFWRU FRUUHODWLRQ DQG 3615 YDOXHV DUH JRRG EXW UHFRYHUHG ZDWHUPDUN LV
GLVWRUWHG EXW HPEHGGLQJ IDFWRU YDOXH LV Į FRUUHODWLRQ DQG 3615 YDOXH DUH DSSUR[LPDWHO\ VDPH DQG UHFRYHUHG
ZDWHUPDUNTXDOLW\LVJRRGDQGHPEHGGLQJIDFWRUYDOXHFKDQJHWRĮUHFRYHUHGZDWHUPDUNGLVWRUWLRQDOVRLQFUHDVH
6RĮSURYLGHWKHEDWWHUUHVXOWDVFRPSDUHWRĮDQGĮ
&RQFOXVLRQ
7KH3URSRVHG$OJRULWKPRI0HGLFDO,PDJHZDWHUPDUNLQJLVSURYLGHGORVVOHVVPHGLFDOLPDJHZDWHUPDUNLQJ
SURFHGXUH ZLWK  HPEHGGLQJ  DQG  H[WUDFWLRQ  RI  WKH ZDWHUPDUN ZKLFK LV EDVLFDOO\ SDWLHQW LQIRUPDWLRQ 7KH
H[SHULPHQWDOUHVXOWVLQGLFDWHWKHHIILFLHQF\RIWKHSURSRVHGVFKHPH7KHKLJKYDOXHRI3615UHSUHVHQWWKDWWKH
LPDJH TXDOLW\ LV QRW GHJUDGHG DQG SURYLGH JRRG YLVXDOL]DWLRQ WKH YDOXH RI  3615 IRU SURSRVHG ZRUN RI
ZDWHUPDUNHGLPDJHZLWKRULJLQDOLPDJHLVWRG%ZKLFKLVKLJKHQRXJKWRYLVXDOL]HGWKHLPDJHGDWDDQGLW
VKRZVWKDWSURSRVHDOJRULWKPSURYLGHLPSHUFHSWLELOLW\DQGVHFXULW\RISDWLHQWLQIRUPDWLRQ
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